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TRENDS IN INSTRUMENTATION FOR ENVIRONMENTAL
RADIATION MEASUREMENTS AT
LNS ALAMOS SCIENTIFIC LABORATORY

R. D. Hiebert and M. A. Wolf
Los Alamos Scientific Laboratory
P. 0. Box 1663, MS 956
Los Alamos, NM 87545

Recent instruments developed to fulfill radiation
monitoring needs at Los Alamos Scientific Laboratory
are described. lahoratory instruments that measure
tritium gas effluents alone, or in the presence of
activated air from D-T fusion reactors are discussed.
Fully portable systems for gamma, x-ray, and alpha
analyses in the field are described. Also included
are desariptions of survey instruments that measure
low levels of transuranic contaminants and that meas-
ure pulsed-neutron dose rates.

Introduction

A wide assortmert ~f radiation monitoring instru-
ments has bren developed at Los Alamos Scientific
Laboratory (LASL) in rccent years. These developments
have beev confined to those needs that cannot be
filled by commercially available instruments. This
paper reviews some of our instruments that have appli-
cations 1r the broad classification of environmental
measurements and discusses current problems invoiving
instruments,

The descriptions are grouped in three major cate-
qories. The first pertains to instruments and prob-
lems relating to the monitoring of airborne tritium.
Tritium {is widely used in research programs at LASL,
and we have a continuing instrumentation program to
control, minimize, and document atmospheric releases
of this isotop:. The second cateqory includes porta-
ble instrunents used in fleld survey applications.
These instrurients have been designed with high sensi-
tivity as a ey fecature and with physical characteris-
tics desired by the people who do the field work. The
third cateqgory includes instruments for nuclear spec-
troscopy with emphasis on portability and sensitivity,

Airhorne Tritium Monitors

A tritlum beta has a maximum enerqv of 18 keV
with a mean energy of 5.6 keV. At these low encrgies,
the sampled Aair must be in intimate contact with the
detecting medwum,  Most of our instruments use flow-
through lonization chamhers, althourh we are develop-
Ing a flow-through scintillation detector that i+ de-
serlhed bolow.,  The simplest measorement is to deter-
mine total triitium activity without renad for ('s
form (usually HT gas or iritiatie!l wat v vapmr), or
whother 1t Is mixed with contaminant  fsntopes,  Me
describe  several  instruments in this nonsrlective
clayvy, atony with prelim nary designs for an Instru-
ment that difTerentiates botween teltium gas and trit-
{ated water vapor (HTO). and one that selectively
meanures  tritium in the presence of gases emitting
higher enerqy betas in the activated alrv produced hy
D-T fusfon reactors.

Nonselective Tritium Monitors

Instruments that detect tatal teitium regardies,
of {ts form are comnon because they are relatively
simple to fabricate, and measurements of total trit-
fum will usually provide {nformation sufficient for
radioloqgical control, The readings in dosimetric

terms are usually in the "safe" direction because ex-
posure tolerances assume worst-case form (HTO) in the
sampiad air. MNote that the radiological significance
of these forms varies greatly: exposure to a given
concentration of tritium gas (HT) in air leaas *¢v a
dose that is hundreds to tens of thousands of times
Tess than that resulting from exposuce to the same
concentration of HTO.

We have developed special ionization chambers and
electronics for our monitoring needs. The chamhers
are to provide reduced sensitivity to contamination
and extended radiation sensitivity range. Important
features of the electronics are stability and wide
range.

A popular flow-through tritium detector is the
Kanne chamber. Figure 1 shows a conventional 51-/
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Fig. 1. Conventional 51-f Kanne chamber.

Kanne chamber, as described by Hoy,l which consists of
threr concentric cylinders, with the outer and innor
(signal electrode) cylinders at or near ground poten-
tial and the intermediate cylinder at about 200 V,
The inner reglon bhetween the signal electrode and the
Intermediate cylinder is the measuring chamber, How-
ever, in our operating environments, the Kanne chamber
is exposed to high concentrations of radioactive gases
such as HTQ, or to air contaminated with tritiated
oil, and the bulld-up of surface activity reduces the
sonqitivity of the chamber at low tritium concentra-
tions, Many of our environmental measurements reoquire
integration of the detector current to determine the
intal tritium effluence with time; any uncertainty in
doty-tor  background or  Instrumental  zero  dege ules,
Lhese measurements,

To cope with these problemy, we redesigned the

chamher and doveloped new electronics.?  Figqurn 7
shows the improved Kanne chamhor, Our objective was
to reduce the sensitive surface areca, where centamina-
tion contrabuted to chamber background, The interme-
diate high-voltage cylinder was replaced by a cylin-
doical arrvay ot 45 nicheome wires that are paralle)
to the center clectrode.  The conventional contral
collecting electrode was replaced by a rod ~1710 the
orfginal diameter, AVl surfaces outside the wire cyi-
inder are greater than the maximum tritiun beta range
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Fig. 2. Improved Kanne chamber.

(about 1 cm) from the wires. The chamber's area sen-
sitive to contamination was reduced by a factor of 40,
Because this design eliminated the internal ion trap,
an external deionizer is prov.ded.

The new electrometer-chargemeter, shown in Fig.
3, was designed to measure currents as low as 1 fA

(10'15 A), and Lo integrate these currents to measure
accumulated charge. The electrometer has 4 decades of
range, with a switch to select current ranges. Loga-
rithmic and lincar display of current is furnished in
analog format. The linear signal from the electrome-
ter feeds a Tow-drift vnltage-to-frequoncy converter
tn provide digital signal integration for charnr meas-
urements, Chargemeter readout i5 a digital display

that covers 10 decades from 10-12 c/diyit to 10-7 ¢
full scale, Readout is with 3 drcades of digital in-
dicators and exponent multipliers., The varactor
bhridge electromnter operational amplifier and it. av-
soclated high-meqohm rvesistors are housed in & sepa-
rate temperature-controlled oven, shcwr on the left
in Fig. 3. This is a standard componient over sodified
to stahilize at a temperature just abnve macymum px-
pecled ambient tlemperature, In 1'in way, we achieye
the necessary Instrument sensitivity end stability for
accurale long=term effluent  Inmtegravion,  The oven
avambly 1y placed as clowe as potsihle to the foniza-
tion chamber signal connector Loy mininize S0 ious
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Fig. 3. Elertrometer-chargemeter used for Yow=drift
measurements with flow=through ionfzat fon chamher.
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cable effects., The contrcl and readout chassis may
be as far as 50 to 100 m from the point of measure-
ment. This feature is particularly useful for stack
and duct monitors.

One of these systems was tested at one of our
tritium procussing Taboratories that 1s noted for its
contaminating environment. After 16 weeks of constant
use, no detectable ~hange in the measurement baseline
was obser .ed, while considerable interior contamina-
tion was observed in a standard Kanne chamber in se-
ries with the new chamher. Steady-state tritium con-

centrations of about 0.1 uCi/m3 would be measurable,
even with the contaminating environment., Note that
the present derived air concentration (DAC)* for con-

tro”led areas for HTO 1s 5 uCi/m3.

In many cases, small concentrations of total
tritium must be monitored routinely, but the system
must be dble to react to sudden, large excursions such
as in an accident., Therefore, we are developing a
menitor sysiem that 1s sensitive to low concentrations
of tritium and, at the same time, i1s linear over a dy-

namic range of 10%, The detector will have the same
resistance to contaminatiun as that in the improved
Kanne chambeir,

Figure 4 shows a cross section of the wide-range
fonization chamber we are building, The measuring
reafon uses parallel grid electrodes that provide im-
proved cnliection fields over those of cylindrical
chambers. The grids are made of open wire mesh to
reduce the surfacc area that can be contaminated.
Each of the two active reglions sends its own col-
lecting electrode signal to a scparate electrometer.
The first region has an active volume of 1[I and is

used on tlie low range (approximately 1 to 104 uCi/
ma). The volume of the second region is 0.1/ and

cnsers  the high range (104 to 'IOR uCi/m3). The high-
ranar srction has closer grid spacing to reduce recom-
hination at high concentra: fons, The incoming air can
he preheated to reduce contamination and hysteresis,

Figure 5 15 the block diagram for the current and
chargrameduusing eloctrwics to he used with the wide-
range dotector.  The two clectrometer amplifiers re-
celve current signals fron the appropriate ion=chamber
volmes,  The Liw-ranae rcloctromoter will be <irilar
to that dewerthed above.  The temperature-contralled
onc losure will assure long-term zero stability to al-
lem dinital integratieon of low tritium concentrations

[ )cnamg

fig. A,

Wide=range
atony {or siqnal rollection,
output connector (nov shown).

fonfzation chambor with two re-

Fach reqlon has its own

AThis term replaces, maximom
in atr (MPCa).

permissihle concentrat fon
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Fig. 5. Block diagram for processing current signals
from two outputs from wide-range ionization chamber.

for accurate charge measurements. The high-range
electrometer will be a low-cost FET type, witn the
transimpedance resistor scaled appropriately for the
range desired and for the smaller chamber volume.
Each amplifier feeds {its own 4-deride logarithmic
amplifier. A snlid-state switching arrangement (all
switcher at 'ow impedance levels to prevent transient
excursions) connects only one input signal at a time
to the current and charge-measuring circuits., The
crossover sensing between the two sets of circuits is
done with a diccriminator that triggers at the full-
scale level on tne low-range electrometer. Suitable
output analog biasing of the high-range current sig-
nal and proper scaling factor of the digital charge
pulses will assure continuity of readings over the 8
decades,

HT/HTO Selective Monitor

Radinlngical effects of tritium vary greatly with
ite form. Therefore, to avnid gross overestimates of
hazard due ton exposure to tritium agas, each form of
airborne trittum should be mrasured to owtain a more
accyrate measure of the radiologlcal hazard, The
goal, then, {5 to mezxsure a small amount of the most
hazardous subscoace (HTO) in rel time in the pres-
ence of a large quantity of HT. Semipermeahle mem-

branes have beon usedd to imprave the HTO:HT ratio
but the technique 15 rather insensitive, and measure-
ment of small -oncentratinne takes more than 10 min,
Another techninue 1s to measure the tntal tritium,
remove the HT( with a desiccant, and measure anain,
However, if a relatively large amount of HT i« pres-
cal, nne rust determine a ymall number (the amount of
HTN) by «wubtracting twn large numbers,

We propose to measgre the HTO by hynidifving the
Afr and then removing the H,N and HT0 by condentuing It

it oonte a cooled a-intiilator, o, shown in Figq. 6,
Thin weintillator §s a rotating disk that panses he-
tween  twsr photomgltipiler tubes (PMT) before boing
dried and enoled again,  The procenn in contin, e,
with an cexpor ted response time of K- L., Tl econ-
densed water  sulates the scintiilator from the HT
gas, Llhus gi ng a direct measurement of  the HT0
alone. This system should be sensitive to concertra-

tinis of a few to 104 LCi/m3 of HIO,
Tritium/Contaminant -Gan Selective Monitor

Tritlum is a radtonuclide of primary concern in
assessments of the potential exposures to workers and
the general public due to fusfon rescarch and develop-

ment.d  The D-T neutenns fram funion reactors will
produce high concentrations of radloactive gas contam-

tnants  (primarily 1IN, 16N and 41Ar) in the atr sur-

1XHAUST
INTAK
! 4
i ’ L LEAD SMIELD
! —
RS
PLATIC ROTATION
SUNTHLAION -
[_ cooin

WAD SHELD

l COOL SCINTHLATOR
| CONDINM HIC & N,O

i
!

MONITCE HIO | DAY SCINTILLATOR
|

Fig. 6. Tritiated water-vazpor monitor sketch. Hi0
condenses on the rotating sheet of plastic scin-
tillator that brings the activity betwcen the PMTs
for counting.

rounding the reactors. Ordinary tritium air monitors
such as those described ahove will be sensitive to
thils activated air, making detection of a tritium re-
lease following a burst of neutrons difficult nor im-
possihle. Therefore, it is imperative to have an in-
strument that can discriminate between tritium and
the contaminant gases. A survey of existing and pru-

posed methods of solving this problemd shows that com-
mercially avatlanle proportional counter systens pro-
vide very gnod sensitivities and good discrimination
If the contaminating gases are known, However, then
detrctors need a counting gas, and have a limited
range of sensitivity at hligher tritiun concentrations.

We use a concentric flow-through ionizatinn <ham-
ber system, which is reiatively simple, car handle a
wide range of concentrations, and couts le,5 than com-
mercial counting systems. The disadvantages include
lower sensttivity and 1ass diserimination than the
proportional counter. Fiqure 7 shows tha throe prin-
cipal coarial elements. Sampled alr 15 brought Inte
the sr1it hollow central electrode, A partition from
end to end allows half the clectrode to se-ye as an
air injector Lo the sampling volume, while the other
half {s an alr collector for the flow-throuah actton,
A seriee of holns 3long Lhe length of the electrode
?WM uniform distribution of air injection and col-
ection aleag the chamber axis, The intermediate cyl-
inder around the central nmlectrode acts as a partition
hetwoen the inner measuring reqion and the outoer com-
fiencat ing reqion hounded by the compensat ing hanhoes
wall., The intermediate cylinder acts a5 o common @ ig-
nal rinctrode At ground potential,

Discrimination % accomplished an fellows. The
Intermediate cylinder i+ fabricated to be atr tight,
with a wall of thin Mylar film stretche! on o wire
grid framework, This common wall between tnner and
outer chambers stops teitium betas but allows hiqher
cnergy betas to pepetrate to the outer  chamber,
Thun, the tnner measuriog chamber will haye currents,
produced by tritium and enerqetic beta fonfzatlon,
while the outer compentating chamber will have enpr-
aelic heta carrents only,  The high yoltage on the
central electrode (4 of apposite polarity to that of
the outer compensal ing chamher wall, <o the current
collocted hy the intermediate <ignal electrode will
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1A menare b teitium concentration,  We carefully
Satanced  the  detoctor to reiect the contarmindting
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rir end offects,  For exare.le, 1€ Vg wfi/m? concene
tration of a hoghaenor o Leta gan were present in a
I-[ chamtry fevading an eloctrocotor with 30-1 time
carntant, the minimym  detertable concontration of

& .Ci/mY,  However, practical per
fomanee 30 L ited hy peesiare el tesporatgen varip-
tions, el other noise, oo that =ecasgeed porformance
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wall remain ta be studied,

Partable Tnetvgente for Fiold Syrvey

Industry has beeno g prolifac source of dnutro-
ments far mont portable wwvey metoer needs,  Never-
the Ty, TAS work somet imes creates a4 newd for wpee-
tial Anstruments,

rancuranic Contaminant Survey Instruments

Because of LASL's heavy metals research and de-
velopment, measurement of such environmental contami-
nants as plutonium and americium is important. For
rvample, a special instrument was required when LASL
was requested to conduct an environmental radiological
evalyation or 5500 acres of laad near LASL technical

areas.6 pecause the property was to be opened to
the public, extreme care was reyuired in the study.
The need was for a portable system to provide rapid
field measurement for determining environmental levels
of mixed transuranic contaminants, and the Los Alamos

Field Pulse Height Analyzer (LAFPHA)? was cquickly
developed.

The LAFPHA used a commercial scintillation as-
sembly consisting of a thin Nal (T1) crystal on a cy-
lindrical light pipe viewed by a 5-in. PMi. A beryl-
lium entrance window allowed detection of x rays and
low-energy gamma rays. The electronics consisted of
six individually settablc channels with appropriate
counters, timers, and displcys. One channel was set
to span the energies at ~17 keV tu detect L-series
x rays of uranium occurring with the alpha oezay cf
plutonium, and one channel was adjusted to detect the

59.5-keV gam.a-ray emission of 241pam,  The other en-
erqgy channels were set to give background correction
readings., Fiqure 8 shows the instrument in use in the
field. It ‘'stected surface activity less than 100

nCi/m? for « '9%y and 20 aCi/m? for 28%am,
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To further Amprove ow capahility to meysure low-
tranvurante pollution, we developed a portalile

tnetramemt®  yoing a phoswich detector ton decrease
soncitivity to hackground and increase detectability
of low-rnerqv eventey,  The phoswich scintillation de-
tector (cermercially available) comprises two differ-
ertoscint i Tators attached together and to a ateqle
PN, The twe crystals have wutficiently different
shosphor decay times to allow determinat fon by pelse-
shape analysis of the spattal oriqin of the phcton
interaction.  Hence, 1t can different{ate hotwern de-
stred low-emwygy events that stop only in the front

Toyed



thin crystal, and those background =vents that depasit
energy in both crystais.

Battery-posered electronics to analyze the sig-
nals from the scintillation detector were (J=2veloped
and several models of tha survoy ‘astriment evalved;
Fig. 9 shows the sece-.' wudel  The deleclor with its
collimator is in a separate unit resting on iie sur-
face to be monitored. Instrument reado* anc con-
trols are on the operator's chest. The bLackpack con-
tains the batteries and most of the elastronics.
This instrument yields a -eduction in background of
adwut a factor of 2 compared t- trat of the LAFPHA,
with Tittle loss of seniitivity,

Alpha Survey Tnstrument

de developed a new portahle alpha survey instru-

ment, called the Wee Peewee,9 that is smaller than
comparable instrurents and exhibit. improved sensi-
tivity, Fiqure 10 shows the instrument with the
electronics package intrgral to the alpha air propor-
tional probe. The commercially available probe fis
attacned to the electronics case by two flanges and a
spring clip to allamw Quick and easy change of probes
1 the field. The motor detithes from the case and
can be extendes by a coiled card when the probe s
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Fig. 10. Top view of Wee Peewee alpha survey meter
with integral air proportional probe.

placi-d so that the normal meter position is diréicult
tc see, Moust of the circuitry is fahricaled in hybrid
fort, which contributes to the small package size.
This technology has been transferred to industry, and
a version of this instrument is now comrercially
available,

Pulsed-Neutron Gosimeter

Commercially availahle survey instruments cannot
measure accurat? pulsed-neutron dose rates in cases
where the detector resolving time results in sig-
nificant count lossex, Although this is not an en-
vironnental monitoring problem that relates to ex-
prsures to a general population, it is significant
hecause of the growing numher of pulsed-neutron re-
search facilities and the resultant potential oc-
cupational hazards.

About 10 yrars aqo, workers at Fermi Natinnal
Accolerator Laboratory developed a portable instru-

ment, the Albatross 11T, that uses silver foil acti-
vation to measure dosce-equivalent rates from pulsed

neutrons 10, The silver acts as an inteqrator of
pulsed-neytron flux information, with the heta-acti-
vation produ.t decaying at a rate that can be counted
with a Gelaer-Muller (G-M) tubrn detector, The arti.
vation half«life is short enough tn follow chanqes in
the neutron flux vithin scveral minutes,  Albatroas
11T had all the basic detector confiquration and op
eratioral features we desired, but the calithration
procedure of its analng circuitry was complex and

len?thy. Thereforo, we doyeloped Albatross IV11 with
digital processing in a ane-chip microcomputer replac-
inn the analon weiant ing and averaqing circuitry., We
also added features to make the Instryment more ver.a-
tile and rasier to calibrate,

Figure 11 vhows the front view of the instruent,
The G-M counters and fally are in the center of the
polyethylene preudnsphere moderatnr,  Re dout on the
log srale meter is from 1 to 300 mrem/h, Color-coded
reqions on the scale correspond to the colored status
Yamps on the top cover. The audio gunerator chirpy
with the detnctrd neutron rate for normal cenditions
ar t the tone hecomes cont inyous when the reading ox-
ceeds the atarm level set on the meter face,

PDigital processing uses an Intel 874R R-hiv mi-
crocomputer, 1ty data and program memory are  lim-
fted, but wita careful programming they are  suf -
fizlent for (i application, and the resull i+ a
very compact and relatively inexpensive design,  The
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i My tnomplement in the miceacamngtor,  The oyors
all daca acayr Sation perind (o inag tire) e dis
vided inta 1R chorter time weqeonte) and  the cannt
avcerglated in pach sentont 4, stared ip a rotating
meaney stack,  The mogrt recent count datr replace the
oldest At the end of each connting perind, Al this
time, the *otal rognty aceymulated in the memory stack
a0 updated,  An averaning-timeemyltinplier control on
the tap caver i analaaaun to the time-.onstant con-
tril inoan analog rate moter,  The computer normalizoes
thi nel neutror count for vach counting period by di-
viling ot by the averaqing-trs angltiplier Cactor
Lea conversion  is done an e il wilh
o specal digirateto-analag converter Griy-
Thy Lhe display meler,
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Many Albatroc, 1V a*e hoinga used to monitor
neatyor deceaoqaivalent rates in varlogs exper iment al
areas, at the LASL Weapons Negteon Poreareh Facility,
™in farility uney beaes from 1t 120 paloes/s with
pulve widthy of 1. no tn A0ON ur,  The |h.w aynra,ing
t e pormity ohneevation ot the yivation level in
real tise duving beas tunaing, and the Jopqer averaning

varonoare uhed Lty obtae prec b alings.
Letvumorta tae Noelear “poacte oo vy
We hase developed fully portable freld instru-
rent. for nucicar spectrorcopy and g labaratory Syse
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tem witn very high sensitivity for measuring transu-
ranic contaminants in soil samples.

Portadle Multichannel Analyzers

Tre need for completely portable spectrometers
for emvirownental measurements ii growing, and we have

The first s_ysteml2 is shown
in Fig. 12. The multichannel analyzer (MCA)} on the
left is a full-capability pulse-height analyzer with
1024 channels, CR™ display, and multiple region-of-
interest intcgration., The instrument s microproces-
sor-ccntrolled (Motorola 6802) with keyboard entry.
Data are stored on an ordinary audio cassette recorder
that is carried in the accessory case shown at the
right in Fig. 12, The MCA signal input requirements
allow many types of detectors to be used. Figure 12
shows a portable hype-pure germanium detector for
high-resolution gamma spectroscopy and a standard
Nal(T1) scintillation detector that is normally ca
ried in the accessory case, This system proved that
an instrument with near-laboratory quality can be made
compietely jpurtable.

developed sever2' models.

An improved version of the first jortable MCA,

in Fig. 13, nus all the hasic fuatures cf the
first model and additional operational cnnveniences.
The acce sory c.se is ne longer needed; the cassette
recorder is now inteqral with the MCA.  Also, the
kigh-veltaqe power supply and spectroscopy umplifier,
now in the A case, are decined to be programable,
With the read-o-ly memory (ROM) card that is pluaged
into the upper right corner of the inwtrument pane!l,
the amalyzer can he preprogramed to perform certain
tasks, Thin fejtuyre extends yse of the instrgment tn
untrained oporytors,  The RS?37 inrtarface port was
added for serinl input/nutput communication with a
woparate conputer or term nal, A vorsior of this ane
straeent will cann he rommarcial ly availablae,

shown

Alun ip

Lo irgnet o f_mn.” shown in Fi1q, 13, Tne P-ka pact-
ane containg, a Nal(T1) scintillation detector, pre-
aplifier, amplifier, high-voltage nupply, Ind a 1"%.
channe! palge-haglt analvier.,  The cyitem i micro-
proceccar=hacsed, and gaee a vianle Tiqu f=crvatal q:-.-
play toindicate cnannel pumbers anl contente, regear-
of cinterest antecrals, and count! rate in a regior of
ntorest |
Shec {rum

thic categmy iy the hind-he Y4 aasra-ray

A eparate divplay 10 ysed to show the MIA
i sentents,

Fag, 12,0 The portable MCA iv on the 1eft; the port-
ahle WpGe detector e bhehind the standing Nal o de-
toctory the aceeswory case for the Nal detertors and

the auhio ransette recorder {o front right,
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Tin. 13, Portabie MCA, with scope display at top
wwft, and liguid-crystal display at too center ahnve
wy pad.  The digital canaotte recorder is lo the
eft of key pail.

Lowaloyal Dol 2adinyaeay System

We montianed paroier the devcloprent of in situ
onyirormortat  meqogrements on o sotl,  For very  low
ativity comrentrations, soil wayiples myst be brought

tn the Naloratory for ecarofyl radinaviay,  Our new

mtomated '._y'.tnmm yres  twn  commercial  hyporpare
germaniym  detertory, tn nvamipe  gamra-ray and r-ray
wuinnions 1n the Ne ta 20N-key enerqy range, The two
Aetortnrs are magnted an oppnsition on eather s'de of
A *hin wampla nf the <nil tr, he assaynd,  Tecause ply-
twagn e of particular interast | the [ -nerips yaray
araup from plutonioe alpha 4 gy 1y measured, Correc-

trom far any SATar that might be prosent  is made,
T pulueshe fght analyzer and the atamated woilesam.
ple changer gre controlled by the wame microcomputer
that perform., all calcala* 'any,  Detertion 1imite of
appravimately 16 pla/a n' Pyoand 0.1 pCi/g  of 241apm
have heen demonstrated.

Ar_.'. Ny | n'il.l""tn_’ g

Many peaple at LASL contrehated te the inytrgment
Guyelapnenty and canrepty deger ied, and oye thand
i eatonded to ther all, Specaal thanby are given to
To0dy mbarqer far by advare ard Liginon an Lhene
divoerne attiyities,

)

Fig. 14. Hand-held gamma-ray spectrometer. The scin-
tillation detector extends to the left. The liquid-
cry<til assembly in the square opening displays the
MUA spectrum in selected segnents.
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